This paper contributes to the literature on the tradeoff between child labor and educational attainment by exploiting a unique shift in agricultural production that occurred in the early twentieth-century American South to analyze the role of a child labor intensive crop (cotton) in determining school enrollment and attendance rates. In the early twentieth-century South the harvesting of cotton required a large number of extra workers for three months of the year. Children were employed to help fill this seasonal labor demand. Because the harvest happened during the fall, it conflicted directly with traditional school attendance. This paper investigates how cotton production affected schooling decisions, with a particular focus on racial differences. Since whites were wealthier and attended better schools than blacks on average, a theoretical model of the time allocation of children predicts that the educational attainment of blacks was more responsive to changes in cotton production. I test this prediction using newly collected county-level panel data on educational attainment and quality in Georgia -a major cotton producer. Because cotton production may be endogenous, I use the arrival of the cotton boll weevil as an instrumental variable. Preliminary 2SLS results suggest that a 10 percent reduction in cotton production caused a 2 percent increase in the school enrollment rate of blacks. By contrast, I find little evidence that cotton production affected the enrollment rate of whites. This result suggests that the production of child labor intensive agricultural products can have a significant negative impact on educational attainment. Additionally, the racial difference is important because it suggests that the shift away from cotton production after the arrival of the boll weevil may explain an economically significant amount of the convergence of the blackwhite education gap observed in the decades that followed.
Introduction
A substantial body of literature documents the existence of a tradeoff between child labor and schooling in developing countries by showing that child labor reduces various measures of educational attainment and achievement, including time in school, test scores, and years of schooling (see, for example, Gunnarsson, Orazem, and Sánchez 2006; Beegle, Dehejia, and Gatti 2009; Boozer and Suri 2001) . However, this literature largely ignores peculiar features of the demand for child labor in agricultural regions, which make up a majority of the developing world, possibly because of the difficulties in measuring the seasonal supply of informal child labor on the family farm. To help fill this gap, I exploit a unique shift in agricultural production that occurred in the early twentieth-century American South to analyze the role of a child labor intensive crop (cotton) in determining school enrollment and attendance rates.
In the early twentieth-century South, the harvesting of the cotton crop required a large number of extra workers for three months of the year. Children were employed, both formally and informally, to help fill this seasonal demand for extra farm hands. Because the harvest happened during the fall, it overlapped in a direct way with the timing of the traditional school year. This paper investigates how the demand for child labor generated by cotton production affected schooling decisions and thus educational attainment in the South. Since whites were wealthier and attended higher quality schools than blacks on average, theoretical models of the time allocation of children predict that the educational attainment of blacks may be more responsive than that of whites to changes in cotton production (Baland and Robinson 2000; Collins and Margo 2006) . Therefore, I pay particular attention to differential effects of cotton production by race. Because cotton production may be endogenous, I use the timing of the arrival of the boll weevil, an invasive species that consumes cotton, as an instrumental variable. This paper focuses on the experience in the state of Georgia, a major cotton producer in the early twentieth century and, fortuitously, a state with excellent records for this type of study.
Prior to the invasion of the boll weevil, Georgia was the second largest producer of cotton in the United States. The largest cotton crop in the state's history of 2.82 million bales was produced in 1911, just four years before the boll weevil first arrived in Georgia (Haney, Lewis, and Lambert 2012) . After its appearance in 1915, the boll weevil spread across the state quite rapidly with all the cotton growing regions infected by 1919 (Hunter and Coad 1923) . As a result of higher costs of production under boll weevil conditions, cotton production fell drastically as farmers abandoned the cash crop in favor of more profitable alternatives, such as corn, which were also much less child labor intensive. By 1923, cotton production had fallen to a mere 600,000 bales, or 21 percent of the record high, in Georgia (Haney, Lewis, and Lambert 2012) .
Since cotton generated a much higher demand for child labor than did substitute crops, the shift away from cotton production following the arrival of the boll weevil provides an exogenous change in the marginal product of child labor in agriculture. Thus, the fall in the importance of cotton is predicted to have a positive effect on educational attainment, with the effect being stronger for blacks than whites. If the cotton economy did indeed have a differential impact on educational attainment by race, then the shift away from cotton as the dominant crop of the South after the arrival of the boll weevil could explain an economically significant amount of the convergence of the black-white education gap observed in the decades that followed. Therefore, the shift away from cotton could also explain some of the long-run relative gains in black wealth since the narrowing of the black-white education gap led to convergence in the black-white income gap (see, for example, Smith 1984; Smith and Welch 1989; Margo 1990; Donohue and Heckman 1991) .
A significant contribution of this paper is a novel database on education and wealth. The study of education in the early twentieth century has been hampered by the lack of annual data on schooling. The literature has, thus far, been largely limited to the use of samples of census data supplemented with indicators of school quality. Yet published reports of the Georgia Department of Education, as well as similar reports published by many other states, contain a wealth of information on educational attainment, school finance, and school quality. And the reports of the Georgia Comptroller-General contain statistics enumerating everything of taxable value in the state. As the first study to compile statistics from these state reports on schooling and wealth into a large dataset in panel form with annual observations, the data collected for this study allows for further examination of a wide variety of questions on education in the early twentieth century South.
While I find little significant evidence that cotton production impacted the education of white children, I do find that cotton production significantly reduced the educational attainment of blacks. Specifically, a 10 percent reduction in cotton production increased the enrollment rate of blacks by 2 percent. Reduced form results show that the overall reduction in cotton production caused by the boll weevil caused a 4 percent increase in the black enrollment rate. Thus, the impact of the boll weevil explains a 2.8 percentage point increase in the black enrollment rate at the 1914 mean, which amounts to a 14.6 percent reduction in the racial gap in enrollment.
Beyond helping to explain the black-white education gap, the results suggest that the seasonal demand for child labor in agriculture can have substantial negative impacts on educational attainment, particularly for the impoverished with poorer access to quality schools.
Child labor intensive crops, such as cotton, tea, coffee, sugar cane, vanilla, and tobacco, are the primary products in many regions of the developing world. In these areas, the results are suggestive of the broader impacts of subsidies and programs encouraging the mechanization of agricultural production. Specifically, programs encouraging mechanization, which would reduce the demand for child labor in agriculture, could be used in combination with school subsidies to further increase school enrollment and attendance in rural areas.
Related Literature
By examining the impact of the demand for child labor in cotton production on various measures of schooling, this paper contributes to a vast literature which has established the existence of a tradeoff between child labor and schooling. Akabayashi and Psacharopoulos (1999) report a negative correlation between hours of study at home and hours of work among children in Tanzania. Additionally, Psacharopoulos (1997) finds that working children attain fewer years of schooling and are more likely to repeat grades than non-working children in Bolivia and Venezuela. In an attempt to quantify how much schooling is displaced by child labor, Ravallion and Wodon (2000) find that a school subsidy increased school enrollment and reduced child labor, with the former effect being much greater than the latter, using data on children in rural Bangladesh. While supporting the existence of a tradeoff, this result suggests that child labor and schooling are not perfect substitutes. In an examination of the impact of child labor on exam performance, Heady (2003) finds that child labor, especially work outside the home, is negatively correlated with achievement in mathematics and reading in Ghana.
Moreover, this result is not driven by school attendance, suggesting exhaustion or a reduction in time outside of school devoted to academic pursuits as the link between child labor and academic achievement. While these studies establish that child labor is negatively correlated with school attendance, educational attainment, and exam performance, they fail to establish a causal relationship between child labor and schooling.
More recent studies that employ instrumental variables to address concerns of the endogeneity of child labor also show a negative relationship between child labor and education. Gunnarsson, Orazem, and Sanchez (2006) analyze how child labor affected performance on math and language exams among 3rd and 4th graders in nine Latin-American countries. Using cross-country variation in compulsory schooling laws as an instrumental variable, they find that working children perform worse, and that performance is decreasing in hours worked.
Furthermore, using panel data on children in Vietnam and employing rice prices as an instrumental variable, Beegle, Dehejia, and Gatti (2009) find that the mean level of child labor reduced the probability of being in school five years later by 46 percent and reduced educational attainment by 1.6 years of schooling relative to those who did not work. Finally, utilizing data from Ghana, Boozer and Suri (2001) show that an additional hour of child labor results in a 0.38 hour decrease in school attendance. Thus, recent work on the tradeoff between child labor and schooling has demonstrated that child labor reduces achievement (in terms of exam performance), educational attainment, and school attendance.
The literature has thus far focused on broadly establishing the existence of a tradeoff between child labor and schooling rather than examining the impact of the demand for child labor generated by specific industries. However, the agricultural industry merits a separate analysis because its demand for child labor is usually seasonal, and child labor is often supplied informally on the family farm. With this aim, I explore how the demand for child labor in the production of a child labor intensive crop (cotton) impacts schooling. I do so using historical data on cotton production and education in early twentieth-century Georgia. While residents of Georgia were arguably better off at the turn of the twentieth century than are many in the developing world today, the dominance of agriculture, high employment rate of children, and low levels of educational attainment at the time are comparable to current conditions in some developing countries. This paper also contributes to the empirical literature on the sources of racial differences in educational attainment in the early twentieth-century South. Much of the work in this literature has focused on the effects of differences in school quality on the black-white education gap.
Measures of school quality used in these studies include student-teacher ratio, number of schools per 1000 children, teacher salary, and length of the school year. Margo (1987 Margo ( , 1990 ) uses individual level Census data from 1900 linked to school quality indicators to show that differences in school characteristics account for up to 49 percent of the black-white school attendance gap. Using data from Maryland from 1924 to 1938 , Orazem (1987 finds that blackwhite differences in school characteristics during the era of segregation explain a substantial proportion of the differences in school attendance and some of the differences in achievement, as measured by test scores. Using county-level data from the 1890 and 1910 US Censes combined with data from the reports of the Departments of Education of six southern states, Walters, James, and McCammon (1997) find that the availability of teachers has a significant and positive impact on the enrollment rate of both blacks and whites.
1 However, this impact is stronger for blacks than whites, suggesting that their enrollment rates were more constrained by the lack of educational opportunities. This is just a sample of the works in this literature which have explored how differences in school quality affected the racial gap in education.
Beyond the effects of differences in school inputs, studies have also shown that family background characteristics, including parental literacy and occupational status, account for a significant proportion of the racial differences in educational attainment in the South. Margo (1987) finds that household characteristics (i.e. parental literacy, age, homeownership, and occupational status) account for up to 71 percent of racial inequality in school attendance, with parental literacy being the most important of these household characteristics. Walters, James, and McCammon (1997) show that the illiteracy rate is negatively correlated with the enrollment rate at the county level. Using data from the 1910 US Census, Walters, McCammon, and James (1990) find that average wealth at the county level is positively correlated with black, but not white, school enrollment rates. Fishback and Baskin (1991) suggest that family background characteristics account for as much as 53 percent of racial inequality of literacy for children in Georgia in 1910. Moehling (2004) shows that living apart from one or both parents in the South in the early twentieth century is correlated negatively with school attendance and positively with child labor. This correlation is stronger for blacks than whites. Blacks were also more likely than whites to be separated from one or both parents. Taken together, this suggests that family structure could be an economically significant determinant of racial differences in educational attainment.
However, this literature largely neglects the role of the cotton economy in its examination of 1 Walters, James, and McCammon (1997) define the availability of teachers as the number of public school teachers per 100 same-race children between the ages of 6 and 14, inclusive.
possible determinants of the black-white education gap. Only two of these studies include measures of cotton production as exogenous control variables. Margo (1987) includes cotton acreage as a percentage of total improved acreage but fails to find that it has a significant impact on school attendance. Walters, James, and McCammon (1997) include the proportion of acres planted in cotton, finding it to be positively correlated with school enrollment for both races. The relationship between the cotton economy and educational outcomes was not the focus of these studies and the possibility that cotton cultivation might be endogenous was not considered. This is the first paper to provide causal estimates of the impact of the cotton economy on educational attainment by race. Additionally, all of the papers in this literature, with the exception of Orazem (1987) , have conducted cross-sectional analyses using samples of census data, or published census data, supplemented with school quality information from state reports on education.
Thus, this paper differs from the previous literature in that it employs a novel county-level panel dataset with annual observations in its analyses.
Historical Background

Cotton was King of the Southern Economy
At the beginning of the twentieth century the South was an agrarian economy. Agriculture The dominance of cotton production in the South had important implications for the entire household because, unlike other staples, the labor of women and children was equally as useful as that of men in the production of cotton during much of the growing season. Since the harvesting of cotton remained non-mechanized until the mid-twentieth century, between 2.5 and 4.5 million tons of cotton were picked annually, roughly 2 grams at a time, entirely by hand (US Bureau of the Census 1935). 2 Thus, the cotton harvest, which began in September and stretched into December, was a family affair with men, women, and children working together from dawn to dusk in the fields. While most of the children that worked in the cotton harvest supplied labor informally (that is, most children picked cotton on their family's farm without direct compensation), the formal labor market provides insight into the value of child labor in the harvesting of cotton. Seasonal labor was employed on a contract basis to harvest cotton, where pickers were compensated per pound of cotton picked without regard for race, gender, or age. In fact, small nimble hands gave children an advantage over adults in the tedious task; it was not unusual for boys ten to fifteen years of age to pick more than adults. Due to the near perfect substitutability of adult and child labor in the harvest season, cotton generated a high demand for child labor for three months of the year.
Given the agrarian nature of the southern economy and the dominance of cotton, it is not The timing of the peak demand for child labor in cotton production, the fall harvest, conflicts directly with the traditional school term. Educators were well aware of this conflict and in some counties adjustments were made to the school term. To accommodate the demand for children to work in the fields, school superintendents both reduced the length of the school term and altered its timing. Collins and Margo (2006, 143) observe that "schools in cotton counties (black and white) were open fewer days per year than elsewhere to accommodate seasonal demands for child labor." As an example of adjustments to the timing of the school term, in Morgan County, Georgia, the black schools ran "4 months in the Winter, December, January, February and
March. Then two in the Summer, July, August" (Georgia Department of Education 1912, 124).
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Given the length of the cotton harvest, however, it inevitably impacted school attendance despite these accommodations. Letters of the county superintendents provide ample anecdotal evidence of the impact child labor in cotton on schooling. They often blamed low enrollment and attendance numbers on large cotton harvests. For example, the Superintendent of Jones County remarked, "The enrollment of white children is slightly below former years, as is also the average, but the children had to pick cotton" (Georgia Department of Education 1912, 152) . A year later, the Baker County Superintendent made a similar statement: "We had a six months term, but our attendance was not as good as we would have liked for it to have been, owing to the fact of a very large cotton crop" (Georgia Department of Education 1913, 101).
The child labor demands of cotton were truly unique in comparison to alternative crops grown in the Southern United States. The alternative crops to cotton -principally corn, but also peanuts and sweet potatoes, in Georgia -were much less suited to child labor. 5 Thus, a shift away from cotton production would reduce the marginal productivity of children in agriculture and lower the demand for child labor. The resulting reduction in the use of child labor in agriculture could cause an increase in educational attainment in the South. This tradeoff between education and child labor has already been demonstrated in the developing world today.
The Coming of the Boll Weevil
4 Interestingly, such adjustments were frequently made to the schedule for black schools, as in this example, but less often for white schools, suggesting that black children supplied more labor in the production of cotton. 5 A few other crops grown in limited areas of the South had the potential to generate a high demand for child labor, notably rice and sugar cane in Louisiana and tobacco in North Carolina. In these areas, a shift away from cotton production might have had less of an impact on the marginal productivity of child labor in agriculture.
The spread of the boll weevil through the Cotton Belt caused a significant shift away from cotton production. The cotton boll weevil, Anthonomus grandis, is a small beetle native to Central America and Mexico. 6 The adult boll weevil is grayish in color, has a long snout and wings, and averages 6 millimeters in length. It was initially thought to have crossed from Mexico into the cotton fields of southern Texas near the border town of Brownsville in 1892. 7 From there it steadily spread north and east until 1922 when it could be found in nearly every cotton producing county in the United States, from Texas to North Carolina (Hunter and Coad 1923) .
The lifecycle of the boll weevil, which has long plagued cotton fields in Mexico, is closely intertwined with the cotton plant. Indeed, the insect lives inside the squares and bolls of the cotton plant for three of the four stages of its lifecycle (egg, larvae, and pupae) and as an adult feeds almost exclusively on the cotton plant. The reason for the boll weevil's specific attraction to cotton is that cotton is one of only a few plants (the others being wild plants with small habitats) that provide the weevil with the nutrients it requires to produce pheromones necessary for reproduction. This dependence on cotton causes the insect to spend its entire life in or near cotton fields (Giesen 2011) .
The boll weevil's spread through the South had a disastrous impact on cotton production.
While a great deal of anecdotal evidence exits about the destruction caused by the boll weevil, only recently has the boll weevil's impact been examined empirically. Lange, Olmstead, and Rhode (2009) show that the boll weevil reduced cotton production by around 50 percent within five years of its arrival in a county. In contrast to many of the anecdotal accounts of the period, the destruction caused by the boll weevil was not absolute. While some farmers did experience near total crop losses, for the most part the presence of the boll weevil did not preclude cotton production. Rather, the boll weevil reduced yield and necessitated costly measures of pest control. The decreased returns to farming cotton under boll weevil conditions caused farmers to substitute away from the crop in favor of more profitable (and less child labor intensive)
alternatives.
The arrival of the boll weevil reduced the South's reliance on cotton, and, thus, the influence of the cotton economy. The reduction in cotton production caused by the boll weevil had substantial implications for the entire household due to the crop's unique labor demands. Thus, the spread of the boll weevil through the Cotton Belt provides a unique natural experiment through which I examine the role the cotton economy played in household schooling decisions.
Southern Schooling
Despite a significant expansion of public education in the United States in the early twentieth century, there remained large disparities between blacks and whites with respect to schooling.
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This was especially true in the South where the policy of segregation mandated the creation of two separate school systems, which were de facto anything but equal. Black schools in the South were on average inferior to white schools on various measures of school quality and quantity. Figure 1 shows the time trend of several measures of school quality in Georgia over the first three decades of the 20 th century. The number of teachers per 100 same-race children was significantly lower for blacks relative to whites. Whites enjoyed 2.2 teachers per 100 white school age children, while for blacks there were only 1.2 teachers per 100 black school age children. The disparity is lessened, but only slightly, when considering the number of teachers per 100 enrolled same-race children, where the racial difference is only 0.75 teachers per enrolled child. In terms of student teacher ratios, there were on average 39 white enrolled students per teacher, but 55 black students per teacher. Additionally, the human capital of black teachers was on average lower than that of whites. While the percentage of teachers having received "normal training" was increasing for both races over this period, the percentage of normal trained black teachers consistently lagged behind that of whites by an average of 18 percentage points. 9 Moreover, the length of the school term was shorter on average for blacks than whites by about a month.
8 A number of policy changes in the early twentieth century greatly expanded the scope and quality of public education in the United States. Among these were compulsory attendance laws, increased provision of high schools in urban and rural areas, consolidation of one room schools into graded schools, and public provision of transportation to and from school. 9 Normal trained teachers are those that received one to two years of instruction in teaching standards at a normal school, now commonly called teachers' colleges. Normal training also indicated that the teacher was a high school graduate as admission into a normal school required a high school diploma. The rising percentage of normal trained teachers overtime likely reflects the replacement of older generations of teachers with younger cohorts of more formally trained teachers, who benefited from the recent establishment of post-secondary institutions for educators. The state established the first normal school catering to whites in Georgia, Georgia Normal and Industrial College, in 1889. The first normal school for blacks in the state, Allen Normal and Industrial School, was established with private funds two years later. Several additional schools with the primary mission of training educators opened across the state in the late nineteenth century and early twentieth century (Georgia Department of Education 1906).
Not only was the quality of black schooling lower than that of whites, but the educational attainment of blacks lagged behind as well. In the early twentieth-century South, there remained large disparities between blacks and whites with respect to education. In 1900 the school attendance rate of black children ages 5 to 20 was 34.4 percent, whereas 52 percent of white children attended school. This difference in school attendance culminated in a large gap in educational attainment. The cohort of blacks born between 1890 and 1894 in the South completed just 5.1 years of schooling on average, nearly 3 years fewer than their white counterparts. However, this racial gap narrowed over time. By 1940, the racial gap in school attendance was just 3.8 percentage points as compared to 17.6 percentage points four decades earlier.
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The history of the black-white education gap in Georgia well illustrates these points. Figure   2 (a) displays the educational attainment of whites and blacks by five year birth cohorts in Georgia. While the educational attainment of both blacks and whites trended upward over the early twentieth century, it is also clear that the educational attainment of blacks was converging with that of whites over this period. Figure 2 (b), which shows white minus black educational attainment by five year birth cohorts, gives a better sense of the timing of the convergence. The racial education gap remained relatively constant at around 3.5 years of school until the 1910-14 birth cohort when it began to fall at fairly steady rate. Interestingly, the timing of the arrival of the boll weevil in Georgia, and the resulting shift away from cotton production, corresponds with the beginning of the convergence of the black-white education gap. The first cohort whose schooling decisions would have been impacted by the boll weevil in Georgia was the [1910] [1911] [1912] [1913] [1914] birth cohort. This suggests that the reduction in cotton production in the wake of the boll weevil's arrival may explain part of the initial convergence of the racial gap in education in the South. And, while the impact of the boll weevil on cotton cannot explain the convergence that occurred through the 1980s, there were several events after the boll weevil's arrival that continued to reduce cotton production in the South and the labor requirements of the crop.
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10 See Collins and Margo (2006) for a review of racial differences in educational attainment in the United States. 11 Namely the Agricultural Adjustment Act and the mechanization of the cotton harvest. The Agricultural Adjustment Act of 1933 reduced cotton production by paying farmers to leave their land fallow in an effort to raise the price of cotton. This reduction in acreage reduced the demand for child labor generated by cotton. The mechanization of the cotton harvest in the 1940s and 50s, while not reducing cotton production, provided a viable and cost effective substitute to manually harvesting cotton thus nearly eliminating the demand for child labor in the crop's production.
The Case of Hancock County
In this section I focus on the case of Hancock County, Georgia, to provide additional evidence of cotton's potential impact on education and to motivate the empirical analysis that follows. I present daily school attendance figures for Hancock from the 1913-14 and 1914-15 school years which show school attendance during the fall was significantly lower than in the winter. I posit that the seasonal demand for child labor in the production of cotton explains the depressed school attendance during the fall. As evidence, the patterns of attendance appear to respond to changes in both the scale and timing of the cotton harvest. Hancock was chosen as a case study solely because it is quite possibly the only county in Georgia for which daily attendance data from the early twentieth century have survived.
Fortunately, Hancock County, situated just northeast of the center of Georgia, about half way between Atlanta and Augusta, was fairly representative of the rural population of the state as a whole. 12 While it is not clear why so much more cotton was produced in 1914, this amount of seasonal variation was not unusual for Hancock or other similar cotton producing counties. In the 10 years preceding 1913, the amount of cotton produced in Hancock varied from 13,870 bales in 1906 to 25,933 bales in 1911, with the mean being 17,298 bales. Additionally, the price of cotton fails to explain this year to year variation, assuming there was not a backwards bending supply curve, as the price of cotton in Georgia fell from 12.9 cents per pound in 1913 to 7.44 cents in 1914 (US Bureau of the Census 1915, 19). 13 The percent of cotton ginned is a good proxy for the percent of cotton picked, or the progress of the harvest, since ginning occurred contemporaneously with the harvest. Raw cotton was ginned directly after picking for several reasons, the most important of which was cash. For the cotton farmer, ginning meant income and thus the ability to pay off high interest lines of credit that had been extended throughout the year. Additionally, the presence of 35 active ginneries in Hancock in 1913 and 1914 suggests that the distance from farm to gin was small and there was plenty of ginning capacity, both implying minimal delay between picking and ginning (US Bureau of the Census 1914 Census , 1915 .
schooling through cotton production in this case, it is fortunate that the level and timing of the harvest differs substantially between these two years allowing for an examination of the direct effects of changes in cotton production on daily school attendance. I next describe the daily school attendance data and suggest how cotton production might have impacted trends in school attendance.
The data on daily school attendance were collected from a ledger likely kept by James L.
McCleskey, Hancock County Superintendent of Schools. 14 Each page of the ledger allowed the superintendent to track the male, female, and total daily attendance for each of twenty schools over a month (20 weekdays attendance makes a significant jump upward on January 5, the first day of school following winter break, then continues to trend upward until it reaches the winter average. As table 2 shows, the cotton harvest of 1913 concluded before January 1, 1914, and thus black children who participated in the harvest were free to return to school at the start of the winter semester.
However, the harvest of 1914 dragged on beyond mid-January 1915, which provides an explanation for the delayed convergence of black daily attendance in the winter of 1915. The racial difference in the timing of the convergence of school attendance to the winter average may be explained by a feature of the cotton harvest. Rather than harvesting a field all at once, as with grain, the cotton crop was picked over multiple times throughout the harvest, as with fruit. The first picking would take place in late September with subsequent pickings occurring at monthly intervals. Depending on the variety of cotton planted and the weather, the field was picked over between three to five times in a season. The first picking was the most fruitful because with each picking mature bolls became sparser. Therefore, the returns to picking cotton fell as the season wore on since pickers were paid per pound. It is not surprising, that whites, who were wealthier, participated in the cotton harvest at the beginning of the season when returns to picking cotton were high, but they returned to school as the returns to picking 17 Since the daily attendance data for whites in 1914-15 is not available for the last week of January, the figure for whites in that school year (70 percent) was calculated using the attendance during the second week of January, the last week for which data on white schools is recorded. This likely overstates the relative attendance of whites in the fall of 1914 thus providing a conservative estimate for comparison.
fell, before the end of the harvest season.
A few other features of these graphs of daily school attendance are suggestive of the impacts of cotton production on schooling. First, schools for blacks opened six weeks after the start of the white school year suggesting a shorter term for blacks to accommodate the cotton harvest.
Indeed, the black term was 4 months in 1913-14 and 5 months in 1914-15, while the white term lasted a minimum of 7 months (Georgia Department of Education 1915 Education , 1916 . The justification for the racial difference in term length might be supplied by E. W. Sammons, the superintendent in nearby Jones County, who claimed, "it is useless to try to have a longer term than five or six months for the negroes…they are entirely agricultural, and need their children to chop and pick cotton, and will not send regularly longer than the time mentioned" (Georgia Department of Education 1909, 156). The low attendance rate of blacks after the start of school in December, if indeed caused by the continued demand for child labor in the cotton harvest, gives credence to this claim. This suggests that racial differences in term length generated, or at least justified, by the cotton economy could explain a significant amount of the black-white education gap.
Second, in the fall of 1914, with the larger cotton crop, white male children have much lower attendance than females, but male attendance converges with female attendance by December 1.
Interestingly, the same trend does not appear in the fall of 1913, with the smaller cotton crop, instead white male and female attendance are roughly equal throughout the term. This suggests that the attendance of white males was more responsive to the demands of the cotton harvest than was that of white females. Finally, the attendance, and likely enrollment, of black male children is significantly lower than that of black females; this is especially true in the winter when attendance is at its highest. While not necessarily related to the cotton economy, it is possible that a higher demand for males on the farm kept them out of school through January, when the returns to going to school for the one to two months remaining in the term were low enough that many declined to enroll altogether.
Beyond observations that are suggestive of the impact of the cotton harvest, there are a few additional features of these two figures that warrant explanation. The most obvious feature of the 1914-15 graphs is a significant drop in the attendance of whites on November 20. While only one school was actually closed on this day, the explanation for that school's closing, simply "cold," provides the cause of low attendance at schools across the county. In the 1913-14 graphs for both blacks and whites, males and females, there are noticeable drops in attendance on February 6, 13, and 20. Not coincidentally, these are also the only weekdays in February 1914 on which rain was recorded at the closest weather station. 18 Finally, the sharp drop off in attendance of both races at the end of February 1914 is the result of nine inches of snow fall on the 26th.
In summary, the daily attendance data for Hancock County indicate that cotton production suppressed school attendance during the fall harvest season, more so for blacks than whites.
Additionally, the attendance of male children, both black and white, appears to be more responsive to the demand for labor in the cotton harvest than that of female children. While the recommendations, narratives, and letters are useful for getting a sense of the issues of the day and as sources of anecdotal evidence, the statistical summaries are of primary importance to this study. The statistical summaries are a source of a wide variety of data on educational attainment and school quality at the county level, and in some cases at the level of the school district. Useful statistics on educational attainment include the number of children by race. Principally, this serial publication is a source for average wealth by race at the county level, which is necessary to control for the negative impact the boll weevil had on wealth.
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Beyond average wealth, useful statistics include acreage and value of improved land and value of agricultural products. To my knowledge, this is the first time much of these data have been collected and organized in annual panel form -an important contribution of this paper.
The data collected and compiled for this paper is combined with data from three additional sources previously collected and used by Lange, Olmstead, and Rhode (2009) to analyze the impact of the boll weevil on cotton production. First, Cotton Production in the United States, an annual bulletin published by the US Census Bureau, provides county-level data on cotton production. Specifically, the bulletin provides the number of bales of cotton ginned in each cotton producing county. 23 Second, USDA maps of the boll weevil's spread through the Cotton 20 While the reports of the Department of Education include the enrollment of children broken down into twelve grades, it is not clear how grade was determined in ungraded and one room schools that predominated rural Georgia during the early twentieth century. 21 While often reported in the Annual Reports of the Georgia Department of Education, the total school age population was not calculated annually. Rather, the school age population was determined by a census of children aged 6 to 18 conducted at five year intervals beginning in 1878. 22 County-level figures of wealth from the reports of the Georgia Comptroller-General are calculated based on the assessed value of property, as opposed to the appraised value or sale price. 23 The ability of farmers to take their crops across county lines to be ginned raises concern that the amount of cotton ginned may not accurately reflect the amount of cotton grown in a given county. Lange, Olmstead, and Rhode (2009, 697) address this concern by showing that the ginning data is closely correlated with farm level production data from the census; as evidence, they assert, "the correlation coefficient across counties in the 1899 Census is Belt (see Hunter and Coad 1923) are sufficiently detailed to allow for the creation of a variable tracking the presence of the boll weevil at the county level. I code the boll weevil as being present in a county-year if the boll weevil is found in any part of the county. There are, however, nine counties in which the boll weevil was first found in 1916, yet the boll weevil was not present in 1917. For these nine counties I code the boll weevil as not present in 1916. 24 Third, weather data from the United States Historical Climatology Network provides county-level monthly averages of precipitation, minimum temperature, and maximum temperature.
Theoretical Framework
In this section, I present a simple theoretical framework for understanding how the cotton economy impacted school attendance through its effects on the demand for child labor. In this model, a household consists of one parent and one child. The parent's utility, , is a function of the household's current consumption ( ) and the child's future earnings. This assumes that parents are altruistic in that they care about their child's future welfare, where the degree of altruism is given by . Following Collins and Margo (2006) , I assume that the child's future earnings are a function of schooling and school quality. Thus, the earnings function is
, where � is time in school and is an exogenous measure of school quality. The earnings function is strictly increasing, strictly concave, and its cross-partials are positive. Thus, the utility of the parent can be written as
The budget constraint is 0.99." Therefore, the amount cotton ginned in a county is a good proxy for the number of bales produced on the farms of that county. 24 The boll weevil made unprecedented gains in 1916 in part due to a mild winter, invading 31,000 square miles of previous uninfected territory in Georgia (US Bureau of the Census 1918). However, the frontier of the boll weevil was beaten back due to unfavorable weather conditions in 1917, leaving nine counties in Georgia that were first infected in 1916 free of the boll weevil in 1917. Since the boll weevil is only sparsely present along the frontier of its spread, its impact on cotton production in these nine counties in 1916 was minimal. Thus, I can safely treat these counties as being unaffected by the boll weevil in 1916.
And the time constraint of the child is
Where is the income of the parent, and is the marginal product of the child's labor (or child's wage). The parent works and supplies labor inelastically. The utility of consumption, , is increasing and concave. The parent decides how to allocate the child's time endowment ( ) between labor ( � ) and schooling ( � ).
The parent maximizes utility with respect to � . The resulting first order condition is
Assuming that there exists an interior optimum level of schooling denoted by � * which satisfies equation (4).
Assuming an interior solution, equation (4) shows that the level of schooling is inefficiently low as long as � > . Only when � = is the level of schooling efficient; in this case, the marginal benefit of schooling ( � ) is equal to the marginal cost ( ).
The optimal level of schooling as determined by the household can be written as a function of the parameters of the model, � = � ( , , , ). It follows from equation (4) and the assumptions made on the utility of consumption and future earnings functions that the level of schooling is increasing in the last three arguments, parental income, school quality, and parental altruism. To establish the sign of the partial derivative of schooling with respect to the marginal product of child labor, it is necessary to make an additional assumption on the form of the utility of consumption, . Assuming that � + ( − � ) ′′ > 0, the level of schooling is decreasing in the marginal product of child labor. Fortunately, this assumption holds for most commonly used utility functions. This last result suggests that reductions in the demand for child labor lead to increases in schooling.
The implications of this model are also suggestive as to why the impact of a reduction in cotton production may have differed by race. There are four parameters of the model that could explain racial differences in educational attainment: , , , and . First, parental income ( ) was lower for blacks than whites on average. This suggests that the time devoted to schooling for blacks is less than that of whites. Given the racial difference in parental income, the model predicts that the schooling decisions of blacks are more responsive to changes in the marginal product of child labor.
Second, school quality ( ) was lower for blacks than whites after the period of disenfranchisement in the late nineteenth-century South (Margo 1990 ). Thus, it follows from equation (4) that the school attendance rate for blacks would be lower than that of whites because the returns to time spent in school are lower for blacks due to the racial difference in school quality. Since school quality is complementary to time spent acquiring human capital in the earnings function, this also suggests that blacks would be more responsive to changes in .
Third, the marginal product of child labor ( ) is not assumed to differ by race in this paper.
25
However, such an assumption could have merit in other studies. For example, Walters and James (1992) claim that segregation largely prevented blacks from employment in the textile industry.
Therefore, in areas dominated by the textile industry it is reasonable to suggest that the marginal product of child labor was lower for blacks since they did not have access to jobs in textile mills.
This paper examines how changes in the marginal product of child labor impacted schooling by race. Given the racial differences in parental income and school quality, the model predicts that blacks will respond more than whites to changes in .
Finally, the parental degree of altruism ( ) has the same implications as parental income in the model. However, there is no evidence that the degree of altruism differed by race or changed over the period studied by this paper. Thus, is assumed to be constant across race and time.
Empirical Framework
The hypothesis of this paper is that exogenous reductions in cotton production in the South increased the educational attainment of blacks more so than whites by reducing the marginal product of child labor. As illustrated in the theoretical model above, this has two testable implications: reductions in cotton production should increase time spent in school and this increase should be greater for blacks than whites. The empirical section of this paper will determine whether these predictions hold and quantify their magnitude. This will provide insight into the contribution of the cotton economy to the black-white educational gap.
Two restrictions are imposed on the sample of counties included in the analysis. First, the analysis is limited to those counties that maintain public schools for blacks throughout the study period. There are 11 counties that have almost no black population, and, thus, they do not always provide for the education of black children. Second, the analysis is limited to cotton producing counties. There are 12 counties in Georgia for which there is no data on cotton production. Most of these are either in the mountainous area of northeast Georgia or along the coast, both areas unsuitable for growing cotton. 26 Additionally, in order to provide a balanced panel of consistently defined geographical units, counties whose borders changed within the time period studied are merged into the smallest consistent unit. 27 Between 1909 and 1922, 14 new counties were created from parts of 22 existing counties. The adjustment for border changes merges these 36 counties into 8 super counties. Altogether, these restrictions and adjustments reduce the number of counties in the sample from 160 to 121. Thus, data on 121 counties of Georgia over 14 years are used to conduct the analysis.
Additionally, some school districts are reported separately from the county statistics in Georgia's Annual Report of the Department of Education. These school systems operated independently of the counties and consist of cities and towns. Since this paper is concerned with rural areas, statistics for these special systems are not included in the county totals.
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A simple regression of measures of education on bales of cotton ginned could be used to test the hypothesis. This linear regression is represented by the following equation:
which includes controls �� for county and year , as well as county and year fixed effects. The county-level controls include average wealth and measures of school quality (teachers per 100 same-race children of school age, schools per 1000 same-race children of school age, days of school per year, and school board receipts per child). The coefficient of interest is , the effect of cotton production on measures of education.
However, one concern in testing the hypothesis in this manner is the likely endogeneity of cotton production to the schooling decision. It is reasonable to think that a farmer, when deciding how much cotton to plant in the spring, would consider whether his children would be available to help with the fall harvest. If the children were to attend school, then their labor could not be 26 Interestingly, there is a significant amount of overlap in the counties eliminated by the first and second restrictions. That is, counties that did not produce cotton tended to have very few black residents. This is perhaps an artifact of the distribution of the black population prior to the Civil War. Jointly, the first and second restrictions only eliminate 14 counties. 27 The results presented below are robust to the exclusion of the 36 counties (8 super counties) whose borders changed between 1909 and 1922. 28 Alternative methods of handling these special systems will be investigated as a robustness check.
counted on in the fall. Thus, OLS estimates of equation (5) are likely contaminated by reverse causation: increased schooling, and thus a reduction in the supply of child labor, caused a fall in cotton production due to the higher marginal cost of labor. I address this concern by using an instrumental variables strategy to estimate the effect of cotton production on measures of educational attainment. Therefore, bales of cotton ginned, �� , is treated as endogenous and modeled as
where �� is an indicator variable taking a value of 1 if the boll weevil is present in county c in year t, and 0 otherwise. The exclusion restriction for this instrument is that the boll weevil impacted schooling only though its impact on cotton production.
The spread of the boll weevil through the South provides an arguably exogenous source of variation in the production of cotton at the county level during the time period covered by this study. The boll weevil had a direct and substantial impact on cotton production in the South as discussed in greater detail above. The larvae of the boll weevil live in and consume the fiber producing squares and bolls of the cotton plant reducing yield. Efforts to control the insect increased the cost of growing cotton in affected counties. The reduction in yield and increased cost of farming cotton as a result of the presence of the boll weevil made alternative crops, such as corn, more attractive to farmers. Lange, Olmstead, and Rhode (2009) find that total cotton production fell by approximately 50 percent within five years of initial contact with the boll weevil.
Little was known about the boll weevil prior to its entry into the United States; its initial entry was unpredicted and the scale of its destruction unknown. However, as the boll weevil progressed, knowledge about the pest increased, and farmers were able to predict its arrival and modify their behavior. In fact, Lange, Olmstead, and Rhode (2009) show that cotton production increased just prior to the arrival of the boll weevil, suggesting that farmers tried to produce one last large crop before the boll weevil arrived. However, there is no reason to think that schooling decisions could have affected the boll weevil's spread.
A potential concern with using cotton production as a proxy for the marginal product of child labor is the existence of alternative mechanisms by which exogenous changes in cotton production could affect the household schooling decision. First, a negative shock to cotton production, such as the arrival of the boll weevil, would negatively affect household wealth.
Since wealth is positively correlated with schooling, while the marginal product of child labor is negatively correlated with schooling, the wealth effect would bias the expected results toward zero. Thus, average wealth at the county level is included as a control in order to mitigate this concern. Additionally, lower household wealth implies a reduction in the tax base and, potentially, a reduction in the supply of funds for education. However, in the case of Georgia, the vast majority of school funds were apportioned from the state's School Fund rather than being raised by local taxation in the early twentieth century. Georgia's School Fund does not change in response to cotton production, which suggests that the destruction caused by the boll weevil had little impact on school finances. Nevertheless, to address this concern, I control for receipts of county school boards per school age child.
Results
In this section, I present summary statistics and an analysis of the impact of the cotton economy on measures of educational attainment using data on 121 counties of Georgia for the years 1909 to 1922. Table 3 contains summary statistics for the Georgia data on schooling, cotton, and wealth in 1914, the year prior to the boll weevil's arrival in the state. Summary statistics are provided for blacks and whites separately where available. In 1914, 71 percent of school-age black children were enrolled in school. Meanwhile, whites were enrolled in school at a higher rate, 85 percent, with the racial difference being 14.7 percentage points. The racial gap in average daily attendance per enrolled child was smaller, just 8.6 percentage points. However, the attendance rate relative to enrollment was fairly low at 63 percent for these rural county schools.
The summary statistics presented in table 3 also show a substantial gap in school resources.
Since there are approximately 20 days of school per month, the statistics reveal that white schools were open for roughly 6.5 months a year while black schools ran only 5.5 months on average. Additionally, there were 2.4 white teachers per 100 white children of school age, but only 1.4 black teachers per 100 black children of school age. Even after adjusting for differences in the enrollment rate, the racial difference in the student teacher ratio is still very large. On average, there were 51 enrolled black students per teacher, but only 35 enrolled white students per teacher. In terms of schools, there were 2.9 fewer schools for blacks per 1000 school age children than for whites. However, blacks were much more likely to attend one-room schools, whereas whites often attended multi-room graded schools. Thus, this measure of access to schools likely understates the true disparity. Finally, the average county school board received less than 5 dollars per school-age child. While this figure is not provided by race, prior work in the "separate-but-equal" literature suggests that this was disproportionately spent on the education of white children (Kousser 1980; Margo 1990 ).
I now turn to an examination of the relationship between cotton and schooling using an instrumental variables approach since cotton production is likely endogenous to the schooling decision. As noted in the previous section, I utilize the presence of the boll weevil to instrument for bales of cotton ginned. Table 4 presents an initial set of two-stage least-squares estimates of the model given by equation (5) with log enrollment rate (total enrollment divided by school age population) as the dependent variable. Panel (a) provides the first stage results, while panel (b) shows the estimates for the corresponding second stage. I present two sets of specifications: models considering only blacks in columns (1) through (3) and models considering only whites in columns (4) through (6).
The first stage results presented in panel (a) estimate the effect of the boll weevil on the log number of bales of cotton ginned. The models presented show a strong negative effect of the boll weevil on cotton production in Georgia. The -.205 coefficient on the presence of the boll weevil in column (1), for example, suggests that the boll weevil reduced cotton production by 19
percent. This result is robust across specifications, with the coefficient varying between -.198 and -.205, and is highly significant in all models. The first stage F-statistic for the excluded instrument in these regressions ranges from 15.72 to 17.36, allaying concern that the boll weevil is a weak instrument. These first stage results confirm the relevance of the boll weevil and suggest that it is a strong instrument for cotton production.
The second stage results, shown in panel (b), reveal the impact of cotton production on log school enrollment rate. These results are suggestive of strong racial differences in the schooling response to changes in cotton production. The -.191 coefficient on log cotton bales in column (1) suggests that a 10 percent reduction in cotton production caused a 2 percent increase in the school enrollment rate of blacks. The models in columns (2) and (3) show that this result is robust to the inclusion of race-specific school quality controls and a control for the average wealth of blacks at the county level. With the addition of these controls the coefficient for log cotton bales is significant at the 95-percent confidence level. Columns (4) though (6) show the corresponding results for whites. The coefficient for log cotton bales in column (4) suggests a 10 percent reduction in cotton production led to a 0.4 percent increase in the enrollment rate of whites. However, the relationship between cotton and white enrollment is not statistically significant in any of the specifications presented. The differential results by race are consistent with the prediction that the household schooling decisions of blacks are more sensitive to changes in cotton production than those of whites.
The results for the school quality controls in the regressions explaining enrollment are as expected. The number of teachers, number of schools, length of the school year, and school board receipts are all positively correlated with enrollment rate for both blacks and whites.
Interestingly, the number of schools per 1000 same-race children has a greater effect on the enrollment rate for blacks than whites; a 10 percent increase in the number of schools is associated with a 2 percent increase in the black enrollment rate, but only a 0.8 percent increase in the white enrollment rate. The racial difference in this result might be because an increase in the number of schools reduced the cost of attending school more for blacks than whites, since whites had better access to transportation, and they could, therefore, more easily travel to distant schools. Table 5 displays the second stage results of 2SLS regressions on log enrollment rate broken down by race and sex. Column (1) shows a 10 percent decrease in cotton production led to a 2.2 percent increase in the enrollment rate of black males. The effect of a 10 percent reduction in cotton production on the enrollment rate of black females, as shown in column (3), is a slightly smaller 1.7 percent increase. The magnitude of these effects is only slightly reduced by the addition of wealth and school quality controls, while the coefficients are statistically significant at the 90-percent confidence level. These results suggest that black males might have been more impacted by cotton production than were black female children. The gap between the male and female enrollment rate of black children, as seen in table 3 and in the graphs of daily attendance for Hancock County, may be in part due to a higher demand for black males in the production of cotton. For completeness, the results of the corresponding models of white male and female enrollment rates are presented in columns (5) through (8). I find the effect of cotton production on the enrollment rate of white males and females to be negative but small and statistically insignificant. Table 6 provides the reduced form estimates which reveal the overall impact of the boll weevil on enrollment rate by race and sex. The coefficient of .039 for the boll weevil in column
(1) implies that the presence of the boll weevil explains a 4 percent increase in the school enrollment rate of black children in Georgia. This result suggests the boll weevil increased the enrollment rate of blacks by 2.8 percentage points at the 1914 mean, or placed roughly an additional 10,000 black children ages 6 through 18 in school in the state of Georgia. Column (2) shows this effect to be robust to the inclusion of wealth and school quality controls. The increase in enrollment rate due to the arrival of the boll weevil was just slightly higher for black males relative to black females as shown in columns (3) and (4). Contrariwise, the results for whites, shown in columns (5) to (8) Table 7 presents the results of regressions of log attendance on the presence of the boll weevil. The dependent variable in the odd columns is log attendance rate relative to enrollment, while log attendance rate relative to the same-race school age population is the dependent variable in even columns. Columns (1) and (2) present estimates for just blacks. Columns (3) and (4) present estimates for just whites. And columns (5) and (6) present estimates of pooled regressions, including observations for both blacks and whites, with a dummy variable indicating blacks and an interaction term between black and boll weevil (black X boll weevil).
While the coefficient for boll weevil is not statistically significant in any of the race-specific regressions, the sign of these coefficients can be illuminating. The negative sign of the coefficient of the boll weevil in column (1) is not expected; a decrease in the conflict between schooling and the cotton harvest due to reduced cotton production should increase fall attendance, thus raising the attendance rate of blacks. However, this expectation does not account for the attendance behavior of the marginal enrollees (those that would not be enrolled had the boll weevil not arrived). Thus, one possible explanation for the negative coefficient is that the marginal enrollees were poor attendees. That is, the newly enrolled students due to the boll weevil's arrival had poorer than average attendance records. This is consistent with the idea espoused by many county school superintendents that farm children, those whose enrollment would be affected by the cotton harvest, were more likely to attend school for only part of the year. The positive sign on the coefficient for the boll weevil in column (2) is consistent with the above interpretation and suggests that the overall impact on attendance, that due to changes in the attendance behavior of those previously enrolled and additional enrollment, was positive. I omit the results of 2SLS regressions of attendance on cotton bales since the estimates are imprecise, as expected given the reduced form results; however, 2SLS estimates of cotton's impact take the same sign as the coefficients for the boll weevil in the reduced form.
The estimates presented in column (5) of table 7 find no evidence of an effect of the boll weevil on attendance relative to enrollment, in absolute terms or differentially across race.
Again, this is possibly confounded by the attendance behavior of the marginal enrollees.
However, the estimates of the pooled regression of log overall attendance rate (attendance relative to the school age population) on the boll weevil, presented in column (6), suggest the boll weevil had a differential impact on overall attendance by race. The .043 coefficient on the interaction term black X boll weevil suggests that the overall black attendance rate increase by 4.4 percent as a result of the boll weevil in addition to its effect on whites. This finding reinforces the results for enrollment as it confirms that there were real gains, at least relative to whites, in the percent of the black population attending school on a regular basis after the arrival of the boll weevil.
Conclusion
This paper documents the effect of the cotton economy on educational attainment in the early twentieth-century Southern United States. More specifically, this paper analyzes how reductions in cotton production following the arrival of the boll weevil impacted school enrollment and attendance rates. While there is little evidence that the cotton economy played a role in the schooling decision of whites, my results clearly suggest that the demand for child labor in cotton production suppressed the enrollment rate of blacks. The fact that cotton production does not seem to have a significant impact on the enrollment of whites over the period 1909 to 1922 in hired labor rather than their children to harvest cotton. The differential effect by race implies that the shift away from cotton after the coming of the boll weevil significantly reduced the blackwhite education gap. Furthermore, this suggests that other events that reduced the demand for child labor generated by cotton, such as the Agricultural Adjustment Act and the mechanization of cotton production, may have contributed to convergence of the racial gap in education through the mid-twentieth century.
The results of this paper demonstrate that the production of a child labor intensive crop impacted educational outcomes in the early twentieth century. This gives new insight into the role played by the seasonal demand for child labor in agricultural production in the household schooling decision. Specifically, the results of this paper suggest that the production of child labor intensive crops can significantly reduce educational attainment. Further work might consider how the household schooling decision is impacted by different local cropping patterns.
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